Abstract Seventy-one occurrences of coronal mass ejections (CMEs) associated with radio bursts, seemingly associated with type III bursts/fine structures (FSs), in the centimeter-metric frequency range during [2003][2004][2005], were obtained with the spectrometers at the National Astronomical Observatories, Chinese Academy of Sciences (NAOC) and the Culgoora radio spectrometer and are presented. The statistical results of 68 out of 71 events associated with the radio type III bursts or FSs during the initiation or early stages of the CMEs indicate that most CMEs contain the emissions of radio type III bursts/FSs near the time of the CME's onset, in spite of their fast or slow speeds. Therefore, we propose that type III bursts and FSs are possible precursors of the onset of CMEs. We stress that the radio type III bursts/FSs in the centimetermetric wavelength region and the CME transients possibly occurred in conjunction with the origin of the coronal precursor structures. Thus, the statistical results support the suggestions that type III bursts/FSs are indicators of extra energy input into the corona at the CMEs' onset, and that the type III bursts/FSs are produced primarily due to a coronal instability which eventually triggers the CME process. This may signify that the centimeter-metric radio bursts corresponding to or near the CME's onset are caused by the disturbed corona (possibly including minor magnetic reconnections).
INTRODUCTION
The radio emissions from flares and coronal mass ejections (CMEs) can provide unique diagnostics of energetic electrons from the low corona to 1 AU. In order to study the energy release and particle acceleration and transport, the detection of the onset and development of CMEs, as well as the properties of the magnetic field in flare-CME sources and ambient coronal structures, the associated radio observations are a key tool. In some studies of the determination of the release time, the time of particle release is regarded as energy independent, and researchers found that the inferred injection time of near relativistic electrons (≥ 30 keV) from the Sun's surface in a few cases is consistent with the timing of the type III radio emission (Krucker et al. 1999; Haggerty & Roelof 2002) . Over the past three decades, suggested that type III bursts are indicators of extra energy being input into the corona at the onset of the CMEs, and type III bursts are produced in conjunction with coronal instability (such as minor magnetic reconnections) that eventually triggers the CME process. In the late 1970's, the white-light ejection transients appeared as large loop or blob-like structures and were observed and investigated. Forty coronal transients have a possible association with meter-wave type III bursts . They indicated that the greater numbers of type III bursts occurred some hours before the main portion of the transients, and demonstrated the close relationships between the type III bursts and the coronal transients. Particularly, they indicated the type III bursts possibly occur in conjunction with the origin of the coronal precursor structures. Jackson et al. (1980) pointed out that metric type III bursts are almost always associated with active solar regions. In particular, the occurrence of type III bursts within a few minutes of the onset of the solar flares is well known. Furthermore, those type III bursts whose positions were measured with the Culgoora heliograph generally emanated from the vicinity of the eventual CMEs. They also pointed out that most of the type III bursts of individual events occur near the time of initial motion of the outermost material of the CMEs, i.e., the onset of motion of the transient precursors. Jackson & Hildner (1978) also noted that they had not yet seen a precursor without an accompanying transient, and indicated the presence of a disturbed corona far ahead of the denser portion of the event.
An advantage of detection at radio wavelengths is that for an occulting disk, the nascent stages of a CME may be observed at short radio wavelengths. The radio images can provide signatures of CME liftoff and angular spread in the corona (e.g., Pohjolainen et al. 2001) . We have also obtained some radio type III bursts and fine structures (FSs), which included reverse slope type III, type U/V bursts, spikes, zebra patterns and fiber bursts (Yan et al. 2007; Huang et al. 2008) , associated with CMEs in the nascent or early stage of a CME during 2003 to 2005. However, it is still under discussion regarding what is the precursor of the CME at the early onset stage: whether the radio type III bursts/FSs result from the closing stage of onset of the CMEs. Moreover, whether the CMEs must produce the radio type III or FSs in the region of centimeter-metric wavelengths is still an open question. Thus, more observational information about the detailed radio emissions (including type III and various FSs) in multi-band around the onset stage of CMEs is needed.
In this paper, we briefly discuss the relationship between the radio bursts and the CME onsets, and the possible precursors of the CMEs as sources for the energetic electrons responsible for the radio type III bursts and FSs, as well as pointing out the diagnostic potential of radio observations of CMEs. In addition, we would like to inquire into whether or not the type III bursts and FSs are in any way related to the onset of CMEs indicated by coronal transients. The observational data selection and the statistical results are presented in Section 2. The observational characteristics associated with the onsets of CME-related radio emissions and analysis are described in Section 3. The discussion of the possible precursors of the CMEs is given in Section 4.
DATA SELECTION AND STATISTICAL RESULT
We select a sample of 71 CME events associated with radio emissions (mainly indicating type III bursts, FS bursts, type II and type IV bursts), which covered a time period from 2003 to 2005, and in the centimeter-metric wavelength region (18-1800 MHz, 1.0-2.0 GHz, 2.6-3.8 GHz, and 5.2-7.6 GHz) (see Table 1 ). The CME data are obtained from the Solar and Heliospheric Observatory (SOHO)/ Large Angle and Spectrometric Coronagraph (LASCO) Experiment. The radio data are observed with the decimetric and microwave radio spectrometers at the National Astronomical Observatories, Chinese Academy of Sciences (NAOC) (Ji et al. 1997 (Ji et al. , 2000 . It is noticed that the NAOC's spectrometers provide data with high time (10 ms) and spectral resolution (10 MHz), so the radio continuum and FS emissions could be observed. The Culgoora spectrometer covers the frequency range of 18 -1800 MHz. It can detect the type II, III and IV bursts in the meter and decimeter wavelengths. Notes: II, III and IV represent radio type II, III and IV bursts respectively. FS represents fine structures (including fiber, zebra, spike, fish, etc.), C and S represent complex and simple bursts respectively. The symbol '*' represents the slow CMEs; '+' represents the radio bursts which occurred near the onset of CMEs; 'o' represents radio bursts which occurred before CME onset.
The mainly statistical results are the following: (1) All events are associated with the radio type III bursts/FSs near the CME's onset except for three CME events, i.e., event Nos. 37, 53, and 71 in Table 1 . The absence of type III/FSs emission is perhaps due to their intensities being weaker than the sensitivity of the instruments, i.e., the measurable minimum flux density of the instruments, or indeed there were no type III/FSs emissions in these three events. In order to show the intensity of radio bursts, we have listed the values of the peak flux density of the radio bursts at the single frequency (2695, 2840 or 2000 MHz).
(2) The rate of the CME occurrence with radio type III bursts/FSs is not related to the CME speed. Here 47 out of 71 CMEs are fast speed events (v ≥500 km s −1 ). In this paper, we have dealt with a criterion of the fast CME velocity. We select the velocity values ≥ 500 km s −1 as the fast CMEs based on the following reasons: observations of the outer corona (2.0-30.0 R ) suggested the existence of two classes of CME events, i.e., impulsive and gradual CME events before leaving the LASCO field of view. The former shows constant velocity which is typically greater than 750 km s −1 . The latter displays a persistent and weak acceleration with the velocity in the range 400 to 600 km s −1 (Sheeley et al. 1999) . Although there is no convincing statistical evidence as yet to suggest the existence of two distinct classes of CME events, the velocity has consistently shown that there is a continuous distribution of velocity from tens to about 2500 km s −1 with a single peak at about 300-400 km s −1 (Howard et al. 1985) . In addition, Kim et al. (2009) at the height of 1.7 R . It is obvious that both fast and slow speed CMEs are associated with type III bursts/FSs (e.g., Figs. 1 and 2) . Figures 1 and 2 show the time profiles of radio type III bursts/FSs in two events at the selected frequencies corresponding to fast and slow CME events.
(3) The occurrence rate of the fast CMEs each year seems to be decreasing with the descending solar activity cycle (e.g., the rates are about 20/25 (80%) , 16/24 (66%) and 11/22 (50%) from 2003 (4) In 42 out of 71 events, the radio bursts happened prior to the CMEs' onset. In one event (No. 41 in Table 1 ), the radio burst occurred simultaneously with the onset, and in 28 events the radio bursts occurred after the onset. In particular, in only 4 events (Nos. 9, 43, 62, and 65 in Table 1 ) out of 71 events, the radio bursts occurred very near the onset of the CMEs (shortly prior to or after the CME's onset, time interval < 1 min).
ANALYSIS
In the present paper, we have selected radio data in the range 18 MHz -7.6 GHz. At frequencies above 18 MHz, electron acceleration sites are around heights ≤ 2 R (heliocentric distance). So the CME radio precursors are a possible indicator, e.g., the radio type III bursts/FSs caused by the disturbed corona (also including minor magnetic reconnections).
The release time for accelerated particles always coincides with the onset of the complex radio emissions. This suggests that the changes of coronal magnetic processes involved in the radio bursts are related to the origin of the electron acceleration (Maia & Pick 2004) . Radio observations in the low corona can contribute to the search for CME precursors. Vourlidas (2004) has reviewed two phenomena: first, the faint drifting continua might indicate the opening of the coronal structures just before the eruption takes place; secondly, the noise storm emission is possibly associated with coronal mass changes. Since the late 1970's, studies have indicated that the radio type III bursts are related to the CMEs' onset through the coronal transients. It was suggested that the type III bursts are an indicator of extra energy input to the corona at the time of CME onset. Another suggestion is that type III bursts are produced in conjunction with a coronal instability which eventually triggers the CME process . Jackson & Hildner (1978) indicated that the large magnetic loop or blob-like transient events viewed in the white-light corona are rimmed by the broad region. Above the pre-transient corona region, the density is slightly enhanced. They also indicated that the upper boundaries of the CME precursors develop gradually into the background corona 1 to ≥ 2 R (heliocentric distance) above the transients' leading edges (Jackson & Hildner 1978) . It was known early on that the white light ejection transients appear as large loop or bubble-like structures which carry material outward from the corona . As magnetic reconnection sends more and more plasma and magnetic flux into the separatrix bubble, the bubble swells very rapidly. The bubble is often observed by coronagraphs. The magnetic flux contributed by the toroidal magnetic field mainly exists in the flux rope prior to the eruption. The outflow of reconnected plasma and magnetic flux's upward flow is eventually sealed in the separatrix bubble. This creates a rapidly expanding structure, and later leads to the CME lift-off (Lin et al. 2004 ). The radio type III bursts/FSs generally start earlier than the main acceleration phase of CMEs. At this time, the signatures of dissipative processes (plasma heating and particle acceleration) are absent in the early stages of the CME, so it is possible that the radio bursts are initially driven by ideal MHD processes (Maričić et al. 2007 ). The main results from the statistical analysis are as follows:
(1) The possible radio precursors/onset signatures of CMEs as well as their eruption mechanisms occur. Nindos et al. (2008) have mentioned the fact that the type III bursts appeared in the preflare phase (e.g., Benz et al. 1983; Raoult et al. 1985) which indicated the presence of electron acceleration. Such events are often accompanied by the emission of a thermal source in the corona from the footpoints. The observations may imply that the energy supply process that operates in the preflare phase is mostly heating coronal plasma. This process can accelerate particles to nonthermal velocities. Those researchers also reviewed the electron acceleration for the FSs.
In 68 events associated with the type III bursts/FSs, 42 of them occurred prior to the onset of the CMEs, while the others occurred after their onset (see Table 1 ). This result perhaps implies that the former is the precursor of a CME, and the latter is an early signature of CME development. It is generally agreed that the components of fast time structure indicate that the acceleration of energetic electrons comes from small magnetic structure in the form of nonthermal emissions, while the gradual components of continuum represent energy released from larger magnetic structure in the form of heating (Gopalswamy et al. 1997; Parker 1988) . It has also been agreed that particle acceleration sites in solar flares are generally associated with magnetic reconnection regions, or with reconnection-driven shocks. The evidence of magnetic reconnection processes in solar flares has been observed over the last decade (Aschwanden 2002) . The observation of initiation and development of the CME by Maričić et al. (2004) indicated that the pre-acceleration phase of the CME concerns the early evolution of the magnetic system. This gradual development is suggestive of an evolution through a series of quasi-equilibrium states. The model (Lin & Forbes 2000) predicts that the precursor should appear before the formation of the neutral X-point in the magnetic field below the flux rope, and before the flare-associated energy release. The possible causes of CME initiation and acceleration have been explored. It has been suggested that a large-scale coronal structure may undergo a stage of quasi-static evolution before reaching an onset of violent magnetic activity. Observations of the energetic solar particles also show that the particles can be trapped, deflected and reaccelerated by the large-scale transient structures (Zhang et al. 2001; Liu et al. 2008) . It is possible that the initiation phase of particle acceleration can lead to the eruption of CMEs and flares.
From the above analysis, we think that the occurrence of radio type III bursts/FSs superimposed on the continua at centimeter-metric wavelengths is an important indicator of how a CME evolves. This may support a consideration by Zhang et al. (2001) , in which during quasi-static evolution the CME displays a slow ascension, i.e., the so called initiation phase of the CME. Vršnak et al. (2004) also indicated that the gradual evolution can last for several hours prior to the rapid acceleration stage (i.e., main acceleration phase), and indicated that the initial system is evolving through a series of quasi-equilibrium states. Therefore, we may suppose that in this pre-acceleration phase (i.e., the initiation phase, in Zhang et al. 2001) should also appear the precursor of the CME at radio emission from microwave to metric wavelengths, e.g., type III bursts/FSs. Bárta & Karlický (2001 ) have developed a model about a variety of FSs which indicated that the decimeter spikes can be generated in the turbulent plasma of reconnection outflows. In these turbulent regions, either decimeter spikes or other rarer FSs should be observed. Moreover, the radio spikes and type III bursts as tracers of the primary energy release can also be interpreted in terms of ECM (electron cyclotron maser) emission (Fleishman & Mel'Nikov 1998; Aschwanden 2002) . The zebra patterns and fiber bursts superimposed on the continua have been observed at decimetric and microwave wavelength ranges (e.g., Altyntsev et al. 2005; Chernov et al. 2003 Chernov et al. , 2006 Fu et al. 2004) . The existing models describing the zebra patterns and fiber bursts have also been summarized (Nindos et al. 2008) . Regarding the appearance of zebra patterns, the following are possible explanations: 1) The process is based on the double plasma resonance and subsequent transformation of generated plasma waves into the electromagnetic mode; 2) The process involves the nonlinear coupling of Bernstein modes; 3) The process is based on the eigenmodes of plasma waves trapped in a resonator-like structure formed by local plasma inhomogeneity. Explaining the fiber bursts invokes whistler wave ascending postflare coronal loops, which also act as magnetic traps for nonthermal flare electrons.
(2) Generation mechanism of early development signatures of the CMEs. The initiation phase of CMEs represents a distinct evolution stage of a CME. It is a CME preacceleration phase before the onset of the rapid acceleration. Maričić et al. (2004) found an interesting feature related to the onset of the rapid acceleration: the 'acceleration precursor' occurred roughly simultaneously with the SXR-burst precursor.
Today, two different eruption mechanisms, tether cutting and magnetic breakout, are widely accepted. Sterling & Moore (2004) showed that the tether cutting reconnection may explain the eruption onset when reconnection occurred with only low emission. The tether cutting reconnection was occurring early in the explosive phase and may have further unleashed the explosion; MacNeice et al. (2004) presented the first simulations of the complete breakout process. They indicated that the weaker pre-flare signatures should be present. This is in agreement with their observations, e.g., electron beams were directed from the corona (type III bursts) before the flare's impulsive phase. Sterling & Moore (2004) also suggested a mixed model with slow pre-eruption reconnection at the top of a loop system preceding a fast eruption in the sheared core region. Aurass et al. (1999) have shown that the radio spectral data can provide essential information on the timing of the early stage of CME formation and the initial mass motion associated with the ejection. They found that the CME initiation is indicated by a faint group of fast drifting bursts in the meter wavelength, and during the onset of its motion, delayed metric continuum emission is observed. In the present paper, we have observed the short duration radio type III bursts/FSs associated with the CMEs at microwave-metric wavelengths, which mark the initial instability in a small volume before large scale changes. We may suggest that the initial phase of a CMEs is associated with the type III bursts/FSs. This implies that the nonthermal electron beams have nonthermal energy release due to the changes of magnetic topologies in the corona.
DISCUSSION
The type II radio bursts at microwave-decimetric wavelengths that exhibit close connections with the CMEs and flares (blast waves or flare ejecta acting as a piston) have been established (Maia et al. 2000) . A model for the CMEs indicated that their driver is the magnetic free energy stored in a closed, sheared arcade, and their trigger is the reconnection between the sheared arcade and the neighboring flux system occurring in multipolar topologies (Antiochos et al. 1999) . Maia et al. (1999) have identified successive sequences in the evolution of the transient coronal activity connected with the CME. Their observational data revealed the initial instability of flares by the occurrence of type III bursts in a small volume at the edge of the flaring region. The radio emission also revealed the existence of expanding loops in the corona. Early in 1982, Kahler found that the metric type II bursts, larger associated flares and accompanying metric type IV bursts are the indicators of CMEs (Kahler 1982) . Today, we find that the type III bursts/FSs at centimeter-metric wavelengths most are likely followed by the CMEs. They are possibly the precursors or early signatures of the CME's onset. In addition, our statistical results seem to be generalizable to all types of CMEs. This aspect remains to be investigated. Whether or not these observational results deserve further investigation and discussion can be argued as follows:
(1) Association of radio type III bursts/FSs with types of CMEs. A CME has the essential feature that can cause small premature flares to occur. The premature flares can also exhibit large-scale propagating coronal disturbances (Cliver et al. 2005) . The small/micro flares possibly correspond to the radio type III bursts/FSs. Most of the CME events listed in Table 1 have radio type III bursts/FSs which occurred before or near the time of the CME's onset. Whatever speed and angular width the CMEs might have, they emit the type III bursts/FSs at microwave or metric wavelengths (e.g., Figs. 1 and 2) . This phenomenon mentioned above may be attributed to a common reason, i.e., the initial instability in a small volume of the active region. Whatever multipolar (e.g., Uchida et al. 1999) or single bipolar (e.g., Moore et al. 2001 ) magnetic systems are involved in the CME development, the transient structures are illuminated by the radio type III burst/FS emissions. Immediately following the type III bursts/FSs, the magnetic systems expand and may unleash even more CMEs (e.g., Maia et al. 1999) .
(2) Relationship between the starting time of type III bursts/FSs and the magnetic models of CME generation.
So far, it is rather unclear how the times of pre-/onset-CME radio emissions are related to those initiations of CMEs. Our statistical results also show the complexity of the temporal relationship between the onset of the radio emission and the CMEs. The reason is perhaps caused by the different topological features of magnetic configurations prior to the eruptions. Different magnetic models of CME generation possibly cause the radio flares (bursts) at different times, e.g., there are three widely accepted models about CME/flare eruption: a) the sheared arcade model (Mikic & Linker 1994 ) that could simultaneously cause flare and disruption of the magnetic field. The preliminary application of the sheared arcade model with helmet streamers indicates that it describes the initiation of CMEs rather well (Mikic & Linker 1994) ; b) the magnetic breakout model (Antiochos et al. 1999) where the flare erupts first and the CME follows. The most important feature of the magnetic breakout model is the reconnection occurring above the erupting arcade. This reconnection is not expected to release much energy. Although it is unlikely to produce significant energy or strong radio emission, it may emit microwave radio emission from the nonthermal electrons accelerated by this reconnection. The microwave radio observations can provide the best test of this model for CME initiation (Antiochos et al. 1999 ); c) the catastrophe model (Lin & Forbes 2000) where the CME is very likely to appear before the flare. Thus, the radio type III bursts/FSs occur at a different time than when the CMEs are in progress.
With regard to magnetic morphology, to this day there have been two competing magnetic models which include a multipolar setup or a single bipolar structure (e.g., Sterling & Moore 2004; Moore et al. 2001) . Both are able to interpret the non-coincident flare and CME onset times. Our statistical results are consistent with the models. Although radio flares (type III bursts/FSs) and CMEs are both symptoms of the same magnetic "disease," they represent the responses in different parts of the magnetic structure. The radio bursts could be driven by the magnetic activity, shear or reconnection within the magnetic structures (Harrison 1995) . In this paper, we have mentioned the origin and trigger mechanisms of CMEs associated with solar radio activity, and have introduced the association between the radio emissions in the centimeter-metric wavelength region and the phenomena of the CME onset stage in the temporal regime. The radio data with spatial resolution are necessary for the identification of the CMEs' onset.
